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Description 

This invention relates to continuously-variable-ratio 
transmissions ("CVT's"). The invention is broadly appli- 
cable to such CVT's in which the variator - that is to say, 
the ratio-varying component - is incapable of achieving 
zero ratio. That is to say, although the speed of rotation 
of the output member can be varied steplessly over a 
predetermined range, while the input member rotates at 
constant speed, the output speed range does not in- 
clude zero. To enable the transmission to deliver zero 
output speed, it is customary to drive the CVT output 
from one component of an epicyclic gear unit, the other 
two components of which are connected, through gear- 
ing as necessary to match the epicyclic ratio, to the out- 
put and input of the variator. When such a variator and 
an epicyclic are so combined it becomes possible, if the 
variator input speed is held steady and the variator is 
then traversed from one end of its ratio range to the oth- 
er, to cause the CVT output speed to change continu- 
ously, first falling from a maximum speed in one direction 
to zero. In some cases it may then continue by rising to 
a maximum in the other direction. Throughout this proc- 
ess, and particularly at the moment (known in the art as 
"geared neutral") when the output speed is zero, the ep- 
icyclic will be recirculating power through the variator 
and other components of the CVT Such an epicyclic is 
therefore known in the art as a "recirculating epicyclic". 
It is also well known for the CVT to include a second or 
"input" epicyclic, with one component connected to the 
prime mover. 

It is also well-known in the art, and especially where 
the variator is of the toroidal-race rolling-traction type, 
to extend the ratio range of the CVT by introducing gear- 
ing and clutches whereby the variator is enabled to work 
in more than one "regime". That is to say, once the roll- 
ers of a variator of that type have swept from one end 
of their ratio angle range to the other, so progressing the 
CVT output speed from one value to another and per- 
haps with change of direction as just described, by op- 
eration of clutches so as to engage different gearing it 
is then possible to sweep the rollers back over their 
range of movement in the opposite direction and in so 
doing to progress the CVT output speed still further. By 
correct choice of gear ratios it is possible to change thus 
from one regime to another without instantaneous 
change of any speeds. Such a regime change is known 
in the art as a synchronous change. 

An example of a CVT including the known features 
so far described, and also the provision of two separate 
driven members to which the final drive of the CVT may 
alternatively be connected, is to be found in Patent 
Specification GB-A-1 454702. A CVT with the character- 
ising features of the present invention differs in that it 
causes power to be recirculated within the recirculating 
epicyclic only in the regime including geared neutral, 
and in that in the other regimes the CVT output is simply 
connected to one of two shafts, these two shafts being 



located to opposite sides both of the variator and of the 
input epicyclic. This avoids the power losses that would 
be inevitable if power recirculation also took place in 
some or all of those other regimes and thus offers the 

s prospect of substantial advantages, including reduced 
variator size, particularly in vehicles such as excavator 
trucks which are often required to deliver high torque 
when moving at low or zero road speed. 

The invention is defined by the claims and includes 

10 the CVTs as shown in the accompanying, simplified and 
schematic drawings. The invention will now be de- 
scribed, by way of example, with reference to these 
drawings in which:- 

15 Figure 1 is a system diagram; 

Figure 2 compares shaft speeds graphically; 
Figure 3 shows one embodiment of a CVT, and 
Figure 4 shows one alternative to the system dia- 
gram of Figure 1. 

20 

In Figure 1 a CVT having an output shaft (final drive 
shaft) 1 and input shaft 2 (for connection to a prime mov- 
er at 3) comprises a toroidal-race variator 4, a recircu- 
lating epicyclic E (reference 5) and an input epicyclic e 
25 (reference 6). References 7, 8, indicate the shafts con- 
nected to the first and second operating members of var- 
iator 4. These members cannot as usual be referred to 
simply as the "input" and "output" members because, 
as will be seen, they exchange these functions as the 
30 CVT moves between regimes. 

By way of driven rotary members (shafts A and B) 
the shafts 7, 8 are connected respectively to two of the 
components (for instance the sun and the planet carrier) 
of input epicyclic e, the third component of which (e.g. 
55 the ring gear) is connectable to the prime mover 3. The 
same shafts A and B are also connected, also by way 
of appropriate gearing, with two components (e.g. the 
sun and planet carrier again) of the recirculating epicy- 
clic E and the third component (e.g. the ring) of unit E 
40 is connectable, in the regime including geared neutral, 
by way of low regime clutch 9 with the output shaft 1 . In 
the diagrammatic form of Figure 1, it will therefore be 
apparent that the speeds of rotation of shafts A and B, 
whose speeds of rotation are directly related to those of 
45 shafts 7 and 8, always move in antiphase as the rollers 
of variator 4 change orientation one way or the other, 
within their range of angular movement. Thus as they 
move from one end of that range to the other, one of 
shafts A, B will accelerate and the other slow down. As 
50 the rollers then traverse back again, as they will do in a 
successive "regime", the speeds of shafts A, B will 
change in the opposite sense. 

In low regime clutch 9 will be closed, power will re- 
circulate through epicyclic E, and as variator 4 progress- 
es es from one end of its ratio range to the other the speed 
of output shaft 1 can be arranged to make the typical, 
continuous "low regime" progression from a finite value 
in one direction, falling to zero and then climbing to a 
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second finite value in the other direction. For all other 
regimes that may be required clutch 9 is disengaged, 
epicyclic E ceases to recirculate power and output 1 is 
driven by way of one of gearing/clutch combinations (1 0, 
11; 12, 13; 14, 15; 16, 17; 18, 19; 20, 21 etc.,) from 
whichever of shafts A and B starts the respective regime 
at its lowest speed and rises to its highest during that 
regime. Thus^ following the end of low regime at which 
output 1 is rotating forwards, and assuming shaft A is 
then rotating at its slowest speed, clutch 9 could be dis- 
engaged and clutch 11 engaged to put the CVT into a 
"middle" forward regime in which output 1 is driven by 
shaft A through gearing 10 until the relative speeds of 
shafts A, B have reached the opposite extreme value, 
when clutch 11 can be disengaged and clutch 13 en- 
gaged to enter a further, "high" forward regime in which 
shaft 1 is driven from shaft B through a different set of 
fixed gearing 12. If however the CVT reaches the end 
of low regime at which output shaft 1 is rotating in re- 
verse, and it is wished to provide further "middle" and 
"high" reverse gears and to progress the CVT through 
those gears, then because shaft B will then be rotating 
at Its slowest speed a typical sequence of clutch oper- 
ation would be to disengage 9/engage 1 7 so as to drive 
the output by shaft B through fixed gearing 1 6 in "middle 
reverse", and then to disengage 17/engage 15 to drive 
the output from shaft A through further fixed gearing 14 
in "high reverse". Items 18-21 indicate clutch/gearing 
combinations by which yet further regimes, forward and 
reverse, can simply be added. The ratios of variator 4, 
epicyclic E, and gearing sets, 10, 12, 14 etc., must of 
course be chosen, in a manner well known in the art, so 
that the clutch engagements/disengagements between 
regimes are achieved synchronously, as already de- 
scribed, without instantaneous change of the transmit- 
ted ratio. 

Figure 2 is a simplified graphical representation of 
the typical relationship between the speed of rotation of 
output shaft 1 (x-axis) and the speed of shafts A and B 
(y-axis). Points 25-28 indicate the regime change points 
low-middle forward, low-middle reverse, middle-high 
forward and middle-high reverse respectively. It should 
be specially noted that the x-axis scale, as shown in this 
simplified Figure, is non-linear. Were it linear, the lines 
would typically be steep close to the y-axis, and would 
progressively flatten as they moved away from it in ei- 
ther direction. 

In the practical embodiment of the invention shown 
in Figure 3, parts directly comparable with those already 
introduced in Figure 1 carry the same references. Input 
shaft 2 drives the ring gear 35 of input epicyclic e, and 
the sun 36 drives shaft A (=7) which carries the input 
discs 37 of the toroidal-race variator 4. Reference 38 
indicates two of the variable-orientation rollers (typically 
six in all) of that variator, and 39 an arrow indicating the 
direction in which the rollers tilt during any one regime 
so as to change their "ratio angle" and thus the trans- 
mitted ratio. The planet carrier 40 of epicyclic e is con- 



nected by a gear train 34 to shaft B, which is also con- 
nected to the output discs 41 (=8) of variator 4 without 
change of direction by a chain 42. Shaft A also carries 
halves of clutches 44 and 45, and shaft B halves of 
s clutches 46 and 47. The other half of clutch 47 is carried 
by the CVT output shaft 1. Two further clutches 48, 49 
are provided. 

To engage low regime, clutches 44, 46 are engaged 
and all the other clutches are open. By way of clutch 44, 
10 shaft A now drives the sun 50 of recirculative epicyclic 
E, and by way of clutch 46 and a reduction gearing train 
51 shaft B drives the planet carrier 52. Power is recircu- 
lated within unit E and the output is delivered to shaft 1 
by way of the ring gear 53 and a reduction gear train 54. 
15 When engaged together, clutches 44, 46 thus behave 
like clutch 9 of Figure 1 . 

Tochangefrom lowto middle forward regime, clutch 
46 is opened and 48 closed, and clutch 44 remains 
closed. This has the effect of "locking" unit E so that it 
20 no longer recirculates power but instead rotates as one, 
and drive is transmitted to output shaft 1 from shaft A by 
way of the sun 50, the locked unit E and the same re- 
duction gear train 54. Clutch 48 may thus be compared 
to clutch 11 of Figure 1. To change from low to middle 
25 reverse regime, clutch 49 is closed and 44 opened, 
while clutch 46 remains closed. Drive is now transmitted 
to output shaft 1 from shaft B by way of clutch 46, re- 
duction gearing 51 , the planet carrier 52, clutch 49 and 
a reduction gear train 55 which also reverses motion rel- 
30 ative to gear train 54. Clutch 49 may thus be compared 
with clutch 17 of Figure 1 , and in this regime the sun 50 
and ring 53 of epicyclic E transmit no power. For the 
change between middle and high forward regimes, 
clutches 44, 48 are opened and clutch 47 is closed. 
35 Drive is now transmitted directly by the closed clutch 47 
from shaft B to shaft 1 . For the change between middle 
and high reverse regimes, clutches 46, 49 are opened 
and clutch 45 closed, and drive will then be transmitted 
directly from shaft A, by way of closed clutch 45 and gear 
40 train 55, to output shaft 1 . Clutches 47, 45 thus equate 
with clutches 13, 15 in Figure 1. 

Assuming 100% efficiency, in the operation of any 
CVT the input power Pi, which equals the product of the 
speed Ni and torque Ti in input shaft 2, must equal the 
45 output power Po, which equals the product of output 
speed No and torque To in output shaft 1. In embodi- 
ments of the invention as described with reference to 
Figures 1 and 3 it can easily be arranged that the power 
transmitted through the variator 4 is considerably less 
50 than Pi in all regimes except low. In low regime, howev- 
er it may sometimes prove difficult to select gear ratios 
and other relative parameters so as to prevent the max- 
imum variator power from rising inconveniently high. 
The maximum power which a toroidal-race variator must 
55 transmit is a key factor in determining the size and cost 
of such a variator, so there are clear advantages in min- 
imising that maximum power. Figure 4 shows an alter- 
native to the system diagram of Figure 1, in which the 
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relationship between input shaft 2, input epicyclic e, var- 
iator 4 and shafts A and B is as before, but recirculating 
epicyclic E is displaced so that it now connects with shaft 
B, low regime clutch 9 and input shaft 2, instead of with 
clutch 9 and shafts A and B as before. Arrows indicate 
the recirculation of input power Pi and the power Pb in 
shaft B within low regime, the symbol d indicating a pow- 
er quantity which is greater than zero but less than Pb. 
In the embodiment of Figure 4 further gearing 60, 61 
and clutches 62, 63 are used to provide middle and high- 
er regimes. The clutches 9, 62 and 63 all engage the 
drive with a layshaft 64 which will be driven in the same 
rotary sense in all regimes. If many regimes are re- 
quired, using the layout of Figure 1, the numbers of 
gears and clutches may be large. In a symmetrical "for- 
ward-and-reverse" system the number of gears and 
clutches can be halved, as in Figure 4, by providing 
downstream forward and reverse gear assemblies 65 
and 66. Having done so, low regime need only cater for 
output speeds from around zero (that is to say, geared 
neutral) to the low/middle regime synchronous change 
speed in one direction. This asymmetry enables the re- 
circulating epicyclic E to be connected to the prime mov- 
er (via 2) and to only one side of the variator 4 (via shaft 
B), thus reducing the power transmitted through the var- 
iator. Another potentially advantageous aspect of the 
embodiment of Figure 4 that should be noted is that the 
higher regime trains are used in both forward and re- 
verse drive. 

From the foregoing it will be seen that the invention 
may include a CVT in which the variator is not only com- 
bined with a recirculating epicyclic, but at least one of 
the two sides of the variator is also connected to a com- 
ponent of a second, input epicyclic, another component 
of which is connectable to the prime mover. Clutches 
and gearing are then also provided whereby power is 
recirculated through the recirculating epicyclic in the re- 
gime which includes geared neutral, but whereby in suc- 
cessive further regimes the recirculating epicyclic is by- 
passed and the drive reaches the CVT output, by way 
of appropriate clutches and gearing, from whichever 
side of the variator will rise in speed as that regime pro- 
ceeds. 



Claims 

1. A continuously-variable-ratio transmission ("CVT") 
capable of geared neutral and of operating in at 
least two regimes, and including a ratio-varying 
component ("variator") (4), a first epicyclic (E), a 
second epicyclic (e) the input (35) of which is con- 
nectable (via 2) to a prime mover (3), and a final 
drive shaft (1 ) connectable with one of two alterna- 
tive driven rotary members (A, B) characterised in 
that the first epicyclic (E) is associated with appro- 
priate clutches (44, 46) whereby power is recircu- 
lated through that first epicyclic in one of the re- 



gimes which includes geared neutral, but whereby 
in the remaining one or more regimes no power is 
recirculated within it and the drive reaches the final 
drive shaft (1 ) by way of further appropriate clutches 

5 (48, 47, 49, 45) and of whichever of the two driven 
members (A, B) will rise in speed as that regime pro- 
ceeds, and in that the two members (A, B) are re- 
spectively connected both to opposite sides of the 
variator (4) and to different output members (36, 40) 

10 of the second epicyclic (e). 

2. A CVT according to Claim 1 ., characterised in that 
there are at least three regimes^ in at least one of 
which the final drive shaft (1) rotates in the forward 

15 direction throughout the regime. 

3. A CVT according to Claim 2., characterised in that 
in at least one other regime the final drive shaft (1 ) 
rotates in the reverse direction throughout the re- 

20 gime. 

4. A CVT according to either of the preceding claims 
in which the variator (4) is of the toroidal-race roll- 
ing-traction type. 

25 

Patentanspruche 

1. Ein Getriebe mit stufenlos regelbarem Uberset- 
30 zungsverhaltnis ("CVT"-Getriebe) mit der Moglich- 

keit der Neutralstellung und des Betriebs in minde- 
stens zwei Drehzahlbereichen einschlieBlich einer 
Komponente, die das Ubersetzungsverhaltnis vari- 
iert ("Variator") (4), einem ersten Planetengetriebe 

35 (E), einem zweiten Planetengetriebe (e) mit einem 
Eingang (35), der (uber 2) mit dem Antriebsmotor 
(3) verbunden werden kann und eine Abtriebswelle 
(1), die mit einer der beiden alternativ angetriebe- 
nen Rotationselemente (A,B) verbunden werden 

40 kann, und diese Vorrichtung dadurch charakteri- 
siert ist, da3 das erste Planetengetriebe (E) mit pas- 
senden Kupplungen (44,46) verbunden ist, wobei 
die Kraft durch das erste Planetengetriebe in einen 
der Drehzahlbereiche zuruckgefuhrt wird, der die 

45 Neutralstellung enthalt, doch wodurch innerhalb 
des verbleibenden einen oder der mehreren Dreh- 
zahlbereiche keine Leistung zuruckgefuhrt wird, 
und der Antrieb erreicht die Abtriebswelle (1) uber 
weitere passende Kupplungen (48, 47, 49, 45) und 

50 uber dasjenige der beiden Rotationselemente (A, 
B), dessen Geschwindigkeit beim Weitergehen des 
Drehzahlbereichs gesteigert wird, und in dem die 
beiden Rotationselemente (A,B) an die entgegen- 
gesetzten Enden des Variators (4) und an verschie- 

55 dene Ausgangskomponenten (36, 40) des zweiten 
Planetengetriebes (e) angeschlossen sind. 

2. Ein CVT-Getriebe gema3 Anspruch 1 , das dadurch 
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charakterisiert ist, da3 es uber mindestens drei ver- 
schiedene Drehzahlbereiche verfugt, wobei in min- 
destens einem dieser Bereiche die Abtriebswelle 
(1) durch den gesamten Drehzahlbereich in Vor- 
wartsrichtung rotiert. 

3. Ein CVT-Getriebe gemafB Anspruch 2, das dadurch 
charakterisiert ist, daB es in mindestens einem wei- 
teren Drehzahlbereich die Abtriebswelle (1) uber 
den gesamten Drehzahlbereich in Ruckwartsrich- 
tung rotiert. 

4. Ein CVT-Getriebe gemaB alien vorangegangenen 
Anspruchen, In dem ein Variator (4) des Type Lauf- 
ring-Rollenzug eingebaut ist. 



Revendications 

1. Transmission a rapport variable en continu suscep- 
tible d'avoir un point mort commande et de fonction- 
ner a au moins deux regimes, et comprenant un 
composant de variation de rapport ("variateur") (4), 
un premier planetaire (E), un deuxieme planetaire 
(e) dont I'entree (35) peut etre reliee (par I'interme- 
diaire de 2) a un moteur (3), et un arbre d'entratne- 
ment final (1) pouvant etre relie a I'un parmi deux 
elements rotatifs entraines en alternance (A, B), ca- 
racterlsee en ce que le premier planetaire (E) est 
associe a des embrayages appropries (44, 46) gra- 
ce auxquels I'energie est recyclee par I'intermediai- 
re de ce premier planetaire dans I'un des regimes 
qui comprend le point mort commande, mais grace 
auquel, dans le ou les regimes restants, aucune 
energie n'est recyclee dans celui-ci, et I'entraTne- 
ment atteint I'arbre d'entramement final (1) au 
moyen d'autres embrayages appropries (48, 47, 49, 
45) et de celui des deux elements entraTnes (A, B) 
dont la Vitesse augmentera lorsque ce regime s'ap- 
plique, et en ce que les deux elements (A, B) sont 
tous deux respectivement relies aux cotes opposes 
du variateur (4) et a des elements de sortie diffe- 
rents (36, 40) du deuxieme planetaire (e). 

2. Transmission a rapport variable en continu selon la 
revendication 1, caracterisee en ce qu'il y a au 
moins trois regimes, dans au moins I'un desquels 
I'arbre d'entratnement final (1 ) tourne dans la direc- 
tion avant dans tout le regime. 

3. Transmission a rapport variable en continu selon la 
revendication 2, caracterisee en ce que dans au 
moins un autre regime, I'arbre d'entratnement final 
(1 ) tourne dans la direction arriere dans tout le re- 
gime. 

4. Transmission a rapport variable en continu selon 
I'une quelconque des revendications precedentes. 



dans laquelle le variateur (4) est du type a traction- 
roulement a piste toroidale. 
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